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METHOD FOR PRODUCING MICROPARTICLES LOADED WITH PROTEINS 

Field of the Invention 

[0001] The present invention concerns a method for producing microparticles loaded 
with proteins which is characterized in that the microparticles are loaded in suspension 
under strongly alkaline conditions. The invention also concerns microparticles which can 
be produced by this method and their use in a binding test, e.g., in an immunoassay. 

Background of the Invention 

[0002] Microparticles loaded with proteins are known and are often used as a solid phase 
in medical, immunological, and diagnostic test procedures. The unloaded initial particles 
(also referred to as beads) are mainly composed of latex, e.g., polystyrene latex, and can 
often be magnetized due to a content of magnetite or a core made of magnetite. Proteins 
are usually coupled to the latex particles in a well-known manner by means of chemical 
linkers (covalent binding) or by adsorption (non-covalent binding). 

[0003] The covalent coupling methods described in the prior art use microparticles 
(functionalized particles) as a starting material which have various functional groups 
(-COOH, -tosyl, -epoxy etc.). These functional groups are used to form covalent bonds 
with the proteins, e.g., via amino or carboxy groups on the proteins to be coated. 

[0004] Covalent coupling methods differ from adsorptive coupling methods in that the 
functionalized particles used in the former case have a considerably more hydrophilic 
surface than non- functionalized particles. This reduces the amount of adsorptively bound 
protein. Adsorptively bound proteins can cause bleeding depending on the binding 
strength. "Bleeding" means that protein that is unbound or only weakly bound becomes 
detached. Only protein that has covalently reacted with the functional groups on the 
particle surface is permanently bound. 
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[0005] However, the initial particles used for covalent coating methods exhibit a high 
degree of lot to lot variability with regard to the density of functional groups, and the 
functional groups on the surface have a low storage stability which results in low loading 
densities and/or very variable results after loading. Another disadvantage of covalent 
coating methods is that the spatial accessibility of the functional groups is often poor. For 
this reason the loading densities required for an application, e.g., in a sensitive 
immunoassay, are often not achieved with particles coated in this manner. Covalent 
chemical coupling can also result in an inactivation of the coated protein. 

[0006] Giese discloses coupling methods in US 4,478,914 and US 4,656,252 which 
enable a multilayer loading of surfaces with functional protein. In these methods biotin 
was covalently bound to the surface, subsequently avidin and a biotin-coupled extender 
was repeatedly bound to the loaded material, and unbound substance was removed by 
washing. In such a multilayer method a delayed bleeding can occur due to delayed 
desorption. 

[0007] Particles with a hydrophobic surface are usually used for adsorptive coating 
methods. Known examples of such particles are polystyrene particles that are free from the 
functional groups discussed above or polystyrene particles that are derivatized with 
polyurethane. 

[0008] Experience shows that particles that have been manufactured by adsorptive 
coating tend to have a higher bleeding tendency than covalently coated particles. This 
increased bleeding is due to the fact that the adsorptive coating occurs by means of 
relatively weak ionic and van der Waals interactions. 

[0009] A number of tricks are known from the prior art for improving the adsorptive 
binding of proteins to surfaces and reducing the bleeding tendency. DE 19924643 
describes the coating of particles at elevated temperatures and subsequent irradiation by 
UV light. These measures reduce the bleeding tendency. 
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[0010] Conradie, J.D. et al., J. Immunol Methods 59 (1983) 289-99 report a more 
efficient coating of microtitre plates by using elevated temperatures, high salt 
concentrations, or under acidic pH conditions. 

[0011] Ishikawa, E. et al., J. Immunoassay 1 (1980) 385-98 also describe the 
advantageous use of strongly acidic pH conditions. They also recommend pretreating 
antibodies at pH 2.5 for coating polystyrene beads. 

[0012] An additional disadvantage of the methods known from the prior art is the strong 
tendency of the hydrophobic particles to aggregate. The basic hydrophobic structure of the 
particles results in an increased tendency of these particles to form aggregates with one 
another which has a disadvantageous effect on the measurement accuracy in subsequent 
methods of determination using these particles. Furthermore these particles also have an 
increased tendency to unspecifically bind sample components when used in immunological 
tests due to their hydrophobic properties. Unspecific binding in such test systems is well- 
known to have a negative effect on test characteristics such as the signal-to-noise-ratio, or 
it can lead to false-positive and also to false-negative results. 

[0013] In conventional wash steps the loaded particles are sedimented by centrifugation 
or magnetic separation and subsequently resuspended. The centrifugation or sedimentation 
has the effect that the loaded particles come very close to one another and in an 
unfavorable case form aggregates. 

Summary of the Invention 

[0014] Hence the object of the present invention was to provide a method which allows 
the manufacture of adsorptively loaded microparticles on an industrial scale. Furthermore 
the invention also intends to provide protein-loaded microparticles that can be obtained by 
loading under strongly alkaline conditions and have a high binding capacity while at the 
same time having a low degree of bleeding and a good storage stability. The invention also 
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encompasses advantageous applications of the microparticles coated under alkaline 
conditions in immunological detection systems. 

[0015] According to an embodiment of the invention this object is achieved by a method 
for producing microparticles loaded with protein which is characterized in that the loading 
is carried out under strongly alkaline pH conditions. The coating is preferably carried out 
at a pH which is selected between pH 10.0 and pH 12.5. 

Brief Description of the Drawings 
Figure 1: pH dependency of the coating 

[0016] The pH dependency of the coating for DYNAL M-270 beads (Dynal Biotech 
ASA) is shown. There is a pronounced increase in the measured signal in the pH range of 
pH 9.0 to pH 12.5 when using beads loaded under various pH conditions under otherwise 
the same test conditions in a TSH test. 

Figure 2: Particle distribution when M-280 beads are coated by a standard method 

[0017] DYNAL M-280 beads were coated as described in DE 19924643. The particle 
distribution was examined with a particle counting instrument (Coulter Multisizer II). The 
main peak at about 2.8 jxm corresponds to monodisperse particles whereas the secondary 
peaks represent dimeric aggregates and aggregates of three or more particles. 

Figure 3: Particle distribution when M-280 beads are coated in the method according 
to the invention 

[0018] DYNAL M-280 beads were coated as described in Example 1 . The particle 
distribution was examined with a particle counting instrument (Coulter Multisizer II). The 
analysis showed that there was only a very small amount of dimeric aggregates. Larger 
aggregates are not evident. 
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Figure 4: Particle distribution when M-270 epoxy beads are coated in the method 
according to the invention 

[0019] DYNAL M-280 beads were coated as described in Example 1 . The particle 
distribution was examined with a particle counting instrument (Coulter Multisizer II). The 
analysis shows that there is only a very small amount of dimeric aggregates. Larger 
aggregates are not evident. 

Detailed Description of the Invention 

[0020] The microparticles (or beads) that are to be loaded and which can be used for the 
method of the present invention are microdispersed and are used in suspensions at 
concentrations of less than 20%, particularly preferably less than 10% weight per volume, 
a range of 0.1 to 10% weight/vol and in particular of 0.2 to 2% weight/vol being preferred. 

[0021] In contrast to the prior art the present invention allows the advantageous use of 
hydrophobic particles as well as particles functionalized with epoxy groups in a process for 
adsorptive coating. 

[0022] The particles can consist of latex and similar materials, preferably of polystyrene 
latex and may optionally contain magnetizable material such as magnetite. The particle 
size of the uncoated particles is preferably in a range of 50 nm to 25 jam. In the case of 
magnetic particles the preferred size is in a range of 0.5 \im to 25 Jim since magnetic 
separation works particularly well in this range. DYNABEADS from the DYNAL 
Company having a size of ca 2.8 ^im and consisting of 88% polystyrene and 12% 
magnetite such as the hydrophobic beads M-280 or the epoxy beads M-270 are, for 
example, suitable. 

[0023] In a preferred embodiment the coating method according to the invention is 
additionally characterized in that the polystyrene particles have a hydrophobic surface or a 
surface functionalized with epoxide groups. 
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[0024] The use of polystyrene particles which have a magnetizable core is particularly 
preferred. 

[0025] The protein material which is to be bound to the particles that is preferably 
polymerized has a size of at least 10 nm up to a maximum of 300 nm determined by 
photon correlation spectroscopy (PCS) (Lagaly, G., et al., photon correlation spectroscopy 
in "Dispersionen und Emulsionen" (1997) 289-294, Darmstadt, Steinkopf), a size range 
from 20 nm to 250 nm being preferred. In principle it is possible to use proteins having a 
molecular weight of more than 10 kD to load the microparticles. The protein to be coated 
is preferably a partner of a bioaffinity binding pair. Bioaffinity binding pairs are for 
example antigen/antibody, hapten/antibody and ligand/receptor. 

[0026] One partner of such a binding pair which is preferably an antibody or receptor is 
used for the coating. A receptor for biotin such as avidin and in particular streptavidin is 
particularly preferred. Particularly suitable materials for the present invention are high- 
molecular proteins or polymerized proteins such as polymerized streptavidin (SA-poly). It 
was found that polymerized proteins bind more strongly to surfaces in an adsorptive 
manner. The reason is probably because polymerized proteins have a higher number of 
contact sites. Hence these polymers would still be able to ensure an adequate binding to the 
surface even when individual contact sites become detached. In the case of monomers 
having a few to a single contact site the whole monomer is released as soon as the contact 
site becomes detached. 

[0027] Polymerization of streptavidin can be achieved in a known manner by chemical 
treatment. Polymerized avidin or streptavidin and particularly preferably polymerized 
streptavidin is preferably used in a coating method according to the invention. Polymerized 
antibodies are also particularly suitable. 

[0028] As mentioned above bleeding is a major problem especially during long-term 
storage and during particle transport. Bleeding is determined by separating the particles 
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from the incorporated suspension and measuring the content of binding partner that has 
bled out in the supernatant. 

[0029] For particles which have been coated with streptavidin the bleeding tendency is 
stated in nanogram streptavidin per milligram microparticles (ng/mg). This means that the 
binding capacity of the streptavidin that has bled away is determined by means of a 
calibration curve that has been determined using monomelic streptavidin. The bleeding of 
the SA beads produced according to the invention is preferably < 150 ng/ml and 
particularly preferably < 80 ng/ml. 

[0030] As already mentioned a pivotal element of the present invention is the fact that the 
coating is carried out under strongly alkaline pH conditions. A pH range of pH 10.0 to pH 
12.5 has proven to be particularly suitable. Depending on the duration of the coating 
procedure, different subranges of this pH spectrum may prove to be optimal. On an 
industrial scale the coating is preferably carried out for a period of 1 - 10 days. It is 
particularly preferable to carry out the coating for 4 - 7 days. When using these relatively 
long time intervals, pH ranges of 10.5 to 12.5 and in particular of 1 1.0 to 12.0 are 
particularly preferred. If shorter coating times are used, higher pH optima may result. 

[0031] It has also proven to be advantageous to adjust the salt concentration of the 
alkaline buffer used for coating to a physiological salt range or higher. The coating is 
preferably carried out with a buffer which has a salt content of 0.1 to 2 M, particularly 
preferably 0.3 to 1.5 M and especially preferably of 0.8 to 1.2 M. 

[0032] In a method according to the invention the microparticle suspension is preferably 
contacted with the high-molecular protein material at 15-30°C and particularly preferably 
at room temperature i.p. at ca 18 - 25°C, hence the protein material is not preheated. After 
loading under strongly alkaline buffer conditions, it is possible to already carry out a first 
or several separation step(s) which are used to remove weakly adsorbed or non-adsorbed 
protein. 
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[00331 The separation can be carried out by conventional methods such as magnetic 
separation in the case of microparticles containing magnetite. A separation in a 
microfiltration unit by sieves, filters or membranes is preferred for the method of the 
present invention. These may be hydrophilic or hydrophobic, however, in the latter case it 
is preferable to convert them into a hydrophilic state before use which can be achieved in a 
conventional manner. They preferably have a pore size which lies between the size of the 
microparticles and the size of the high-molecular protein material. Particularly suitable 
pore sizes are in the range above about 50% of the size of the protein to be separated, i.e. 
ca. 50 nm to 2.5 \im. Membranes having pore sizes of 0.4 jim, preferably 0.45 |im to 2.5 
jim, preferably up to 2 nm are particularly suitable. 

[0034] The separation can be carried out once or several times in which a buffer or a 
buffer system consisting of different buffers can be used. The buffers preferably contain 
salts and detergents for displacing/solubilizing unbound proteins or proteins that have only 
been weakly bound, and so-called blocking agents (e.g. serum albumin) for filling up areas 
of the particle surface that may still be free. The separation step is preferably carried out 
several times, in particular three times using different buffers which differ from one 
another in their salt and detergent content. 5 to 15 times the batch volume is replaced 
during the separation. The effectiveness of the separation depends especially on the 
separation time (time during which the particles are suspended in a certain buffer solution) 
and the flow and pressure as well as combinations thereof in the separation system. The 
flow and pressure depend on the system that is used and can be determined by a person 
skilled in the art. Separated buffer can be determined by measuring the filling level and can 
be accordingly replaced by fresh buffer. 

[0035] It is preferable to take care that the microparticles do not sediment during the 
entire procedure. It is particularly advantageous to also avoid sedimentation during the 
separation. For this purpose the suspension has to be agitated in a suitable manner which 
can for example be achieved by stirring, pump recirculation, introducing dispersing energy 
or any combination of such measures or by other suitable physical methods. 
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[0036] The loaded particles are also filled in an appropriate filling module preferably in a 
sterile manner. 

[00371 The invention also concerns coated microparticles that can be obtained by the 
above-mentioned method. 

[0038] The invention also concerns a method for detecting an analyte in a sample by 
contacting the sample with one or more analyte-specific binding partners, the method 
being characterized in that a microparticle coated according to the invention with a partner 
of a bioaffinity binding pair is used. The method is preferably carried out as an 
immunoassay. This means that at least one of the analyte-specific binding partners is an 
immunological binding partner. In this method the sample in which it is assumed the 
analyte is present is incubated with an immunologically specific binding partner. In the 
case of an antigen test such as for tumour markers like PSA, this immunologically specific 
binding partner is an antibody or a fragment thereof which binds specifically to the analyte, 
i.e., the tumour antigen PSA. In methods for detecting antibodies against a particular 
antigen, e.g. anti-HCV antibodies, the corresponding antigen can, for example, be used as 
the immunologically specific binding partner. 

[0039] An immunological binding partner is preferably conjugated with the second 
partner of the bioaffinity protein used for the coating. If streptavidin has been used for the 
coating, the immunological binding partner is biotinylated. After carrying out the 
conventional incubation steps familiar to a person skilled in the art, the particles can be 
separated from the sample, and the amount of analyte found can be determined in a known 
manner. 

[0040] Hence another subject matter of the invention is the use of microparticles coated 
according to the invention in an immunoassay. 

[0041] In routine diagnostics the simplification of test procedures (as few as possible 
incubation steps with the lowest risk of errors) and provision of everything needed (all 
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essential test components from one source, preferably in one package) is very far 
advanced. Usually a set of reagents (a kit) is delivered to the customer which contains all 
test-relevant components. Hence another subject matter of the invention is a test kit 
containing a suspension of microparticles that have been coated according to the invention. 

[0042] The invention is further illustrated by the following examples, publications, and 
figures whose protective scope derives from the patent claims. The described methods are 
to be understood as examples which still describe the subject matter of the invention even 
after modifications. 

Specific Embodiments 

[0043] In the examples that follow, boldface numbers refer to the corresponding structure 
in the drawings. 
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Example 1 : Bead coating 

1.1 Reference beads 

[0044] DYNAL M-280 beads were coated as described in DE 19924643. 

1.2 Alkaline coating (pH optimization) 

[0045] 50 mg magnetic beads (DYNAL M-270 or DYNAL M-280) were washed 
successively, first with isopropanol, then several times with 5 ml portions of 50 mM Na 
phosphate buffer (pH 9.0). Subsequently the beads were resuspended in 4 ml 50 mM Na 
phosphate buffer (pH 9.0). Afterwards 10 mg polymerized streptavidin (poly-SA) 
dissolved in 1 ml 50 mM Na phosphate buffer pH 6.3 was added. The pH was then 
adjusted to the desired value between pH 10.0 and pH 12.5 with NaOH. The preparation 
was incubated for 72 hours on a roller mixer. Subsequently the beads were washed 
alternately with 40 mM Na phosphate buffer (pH 7.4) and 1 percent TWEEN 20 (ICI 
Americas Inc.) solution (in the same basic buffer). The beads were subsequently incubated 
and washed several times with a solution consisting of sodium phosphate buffer (10 mM 
Na phosphate 0.15 M NaCl, pH 7.4) and BSA (0.5% w/v). Afterwards the beads were 
washed with 50 mM HEPES buffer (pH 7.4) and adjusted to a final concentration of 0.7 
mg/ml in this HEPES buffer (pH 7.4). The suitability of the coated particles for use in an 
immunoassay was determined in a TSH test (thyroid stimulating hormone = TSH) and is 
shown graphically in figure 1 for the M-270 particles. It is evident that the selected alkaline 
conditions considerably improve the counts and thus the suitability of the particles in the 
test. 

1.3 Alkaline coating (routine method) 

[0046] 50 mg magnetic beads (DYNAL M-270 or DYNAL M-280) were washed 
successively firstly with isopropanol, then several times with 5 ml portions of 50 mM Na 
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phosphate buffer (pH 9.0). Subsequently the beads were resuspended in 4 ml 50 mM Na 
phosphate buffer (pH 9.0). Afterwards 10 mg polymerized streptavidin (poly-SA) 
dissolved in 1 ml 50 mM Na phosphate buffer pH 6.3 was added. The pH was then 
adjusted to the desired value between pH 10.0 and pH 12.5 with NaOH. The preparation 
was incubated for 4 to 7 days on a roller mixer. Subsequently the beads were washed 
alternately with 40 mM Na phosphate buffer (pH 7.4) and 1 percent TWEEN 20 solution. 
The beads were subsequently incubated and washed several times with a solution 
consisting of sodium phosphate buffer (10 mM Na phosphate 0.15 M NaCl, pH 7.4) and 
BSA (0.5% w/v). Afterwards the beads were washed with 50 mM HEPES buffer (pH 7.4) 
and adjusted to a final concentration of 0.7 mg/ml in this HEPES buffer. 

Example 2: Particle distribution 

[0047] The DYNAL M-280 and M-270 beads coated by the method described above 
were compared with M-280 beads coated by a conventional method using a particle 
counter (Coulter Multisizer II, Figures 2-4). In the case of the alkaline coating the result 
was a considerably more homogeneous distribution of the coated beads with substantially 
lower proportions of dimeric, trimeric, and higher aggregates. This is shown by comparing 
Figures 3 and 4 with Figure 2. 

Example 3: Bleeding properties 

[0048] The bleeding of coated proteins occurs very slowly under normal storage 
conditions (4-8°C) over many months. In order to simulate bleeding under storage 
conditions, a short-term model was used. For this the coated particles were stored for 21 
days at 35 °C on a roller mixer. The biotin binding capacity of the supernatant which is due 
to streptavidin that has bled off is determined, for example, using radioactively labelled 
biotin. 

[0049] The bleeding tendency is stated in ng as SA/mg particles. In order to determine 
the bleeding, a standard curve is established using monomelic streptavidin, and the biotin 
binding capacity of the supernatant of stressed microparticle suspensions is read off from 
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this curve. In the case of the microparticles coated according to Example 1, the bleeding 
tendencies were surprisingly low and were regularly below 150 ng/mg, and in most cases 
even less than 100 ng/mg after stress. 

Example 4: Results in a HIV function test 

[0050] A double antigen bridge test was carried out to detect specific antibodies against 
HIV. The sample liquid was incubated with a biotinylated antigen in the presence of a 
streptavidin-coated solid phase (magnetic S A beads prepared by a standard method or by 
one of the methods claimed here). After a washing step the same antigen was again added 
but in a ruthenium-labelled form. The presence of anti-HIV antibodies in the sample liquid 
was determined by means of the ruthenium label on the solid phase on the basis of 
electrochemiluminescence in an ELECSYS system (Roche Diagnostics GmbH). 

[0051] A HIV peptide from the gp36 region of HIV 2 (a more detailed description is 
given in WO 96/03652) was used as an antigen that is labelled at the N-terminus. The 
concentration of the antigen in the test was 6 ng/ml biotinylated Ag, 200 ng/ml 
ruthenylated Ag. 

[0052] The system blank value was determined in the absence of ruthenylated antigen. 

[0053] The results of the experiments with the SA beads coated according to the 
invention which were based on DYNAL M-280 starting particles in comparison with 
particles that were coated according to the prior art are shown in the following tables. 
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Table 1 : HIV test/measured values 



[counts] 


streptavidin beads according 
io example i 


streptavidin beads according 

IU IIIC pilUI Oil 


oV&lClll U ICUUV VcLlUw 


316 


481 


negative sample 


560 


2,150 


positive sample 1 


2,442,861 


2,506,269 


positive sample 2 


1,073,515 


1,338,978 


positive sample 3 


7,315 


11,802 



[0054] The signal dynamics were calculated according to the formula 
(signal - system blank value) / (negative sample - system blank value) 

Table 2: HIV test / signal dynamics 



signal dynamics 
pos./neg. sera 


streptavidin beads according 
to example 1 


streptavidin beads according 
to the prior art 


negative sample 


1.0 


1.0 


positive sample 1 


10,010.4 


1,501.4 


positive sample 2 


4,398.4 


802.0 


positive sample 3 


28.7 


6.8 



[0055] It is apparent that considerably lower blank values are obtained by using the SA 
beads according to the invention, and this is associated with an improved differentiation of 
positive to negative signals. 

[0056] The next table shows the unspecific binding of the antibody conjugate to the 
streptavidin solid phase. In this test procedure only buffer is used instead of the 
biotinylated antigens. The concentration of the ruthenium conjugate is 600 ng/ml. 
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Table 3: Unspecific binding of the Ru conjugate from the HIV test 



[counts] 


streptavidin beads according 
to example 1 


streptavidin beads according 
to the prior art 


system blank value 


316 


481 


buffer 


446 


2,061 


human serum 


373 


692 



[0057] Also in this case the beads according to the invention exhibit the better blank 
values (lower unspecific binding) and a considerably reduced matrix dependency (smaller 
signal differences to the system blank value in the case of analyte-free samples) which 
allows more precise tests. 



Example 5: Results in a CA 15-3 test 

[00581 The CA 15-3 test is a sandwich assay in a two-step test format. In the first step 
beads, sample, and the biotinylated antibody are incubated, subsequently the beads are 
magnetically separated, and the supernatant is aspirated. After several washing steps 
(adding washing buffer, aspirating again, resuspending by vortexing in washing buffer, 
separating again, aspiration) the beads were resuspended in reagent 2 which contains the 
ruthenylated antibody. After a further incubation they were washed again, subsequently the 
beads resuspended in washing buffer were transferred to a measuring cell of an ELECSYS 
El 010 instrument, and the amount of ruthenium label bound to the analyte was 
determined. 



[0059] In the CA 15-3 test, bead aggregation is a particular problem; the analyte is an 
antigen with multiple repetitive elements which enable the binding of several antibody- 
bead complexes. During the washing steps the beads are deposited on relatively small areas 
and thus come into close proximity. This can result in the formation of three-dimensional 
complexes. These clumps of larger aggregates are visible on the measuring cell and result 
in poor precision (higher coefficient of variation) and low signal yields. 
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[0060] The aggregates are easy to see in colour pictures but can be hardly discerned in 
black and white pictures in various grey tones which is why such a figure was omitted. The 
coated beads have a major effect on the extent of aggregate formation on the measuring 
electrode. In contrast to standard SA beads, beads coated according to the invention in 
some cases show a considerably improved distribution on the measuring cell due to 
considerably less aggregation. This is irrespective of whether M-270 epoxy beads or 
hydrophobic M-280 beads were used for the coating. In both cases there is a considerably 
more homogeneous distribution on the electrode compared to the reference. 

(0061] An improved bead distribution also leads to an improved signal recovery. The 
corresponding results of a representative CA 15-3 test are summarized in Table 4. 

Table 4: Signal levels when using different beads in a CA 15-3 test (mean of a 12-fold 

determination) 



beads 
sample ^^^^ 


reference 


WJ069A beads 
(alkaline coated 
M-270 epoxide beads) 


WJ069E beads 
(alkaline coated 
M-280 beads) 


calibrator 1 29.9 ^i/ml 


35,942 


47,739 


54,746 


calibrator 2 139 ^ml 


237,460 


304,448 


354,975 



[0062] This table shows that when using identical raw materials the use of different bead 
lots leads to different signal levels in the CA 15-3 test. The signal level is considerably 
improved in the case of the alkaline coated particles. 

[0063] The coefficients of variation were determined using the CA 15-3 test from Roche 
Diagnostics GmbH (order No. 1776169) according to the manufacturer's instructions. 
Bead preparations listed in Table 5 were used instead of the coated beads from the test kit. 

[0064] The coefficient of variation is determined by the conventional statistical method 
from a 21 -fold determination of the sample. 
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Table 5: Coefficients of variations of various bead lots in the CA 15-3 test 



\^ lot 
sample ^\ 


standard coating 


alkaline determination 


A188 


A191 


1:1 of A188/191 


R82 


WJ0075D 


serum 


4.8 


7.4 


6.0 


6.1 


4.0 


CA 15-3 
standard 


5.5 


6.3 


6.2 


4.5 


3.2 



(00651 Table 5 shown above shows as an example that particles that have been loaded 
under the alkaline coating conditions according to the invention have considerably lower 
coefficients of variation (CV - expressed in percent of measured counts) in the CA 15-3 
test. The lower the CV, the more precise is the determination of the analyte molecule. 
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